A chiral superconductor has been proposed as one pathway to realize topological quantum computation utilizing the predicted Majorana normal fluid at its boundary 1-4 (i.e., a point, edge, or surface). The search for experimental realizations has led to the discovery of 1D 5 and 2D 6 chiral superconducting systems. However, the long-sought 3D chiral superconductor with surface Majorana normal fluid is yet to be found. Here we report evidence for a chiral spin-triplet pairing state of UTe 2 with significant surface normal fluid response. The microwave surface impedance of UTe 2 crystals was measured and converted to complex conductivity. The anomalous residual normal fluid conductivity in the zero temperature limit supports the presence of a significant normal fluid response. The superfluid conductivity follows the low temperature behavior predicted for the chiral spin-triplet state. The temperature dependence of the superfluid conductivity also reveals a low impurity scattering rate and low frequency-to-energy-gap ratio, implying that the observed normal fluid response does not have a trivial origin. Our findings suggest that UTe 2 can be a new platform to study exotic topological excitations in higher dimension, and may play the role of a versatile 3D building block in the future era of topological quantum computation.
Topological insulators, with non-zero topological invariants, possess metallic states at their boundary.
7 Chiral superconductors, with non-zero topological invariants, possess Majorana fermions at their boundary. 4, 8, 9 Majorana fermions are an essential ingredient to establish topological quantum computation. 10 Hence great effort has been given to search for chiral superconducting systems. So far, 1D and 2D examples have been found from a semiconductor nanowire with end-point Majorana states, 5 and Sr 2 RuO 4 with edge Majorana modes. 6 However, a 3D chiral superconductor with a surface Majorana normal fluid has not been unequivocally found. 4 Recently, a newly discovered heavy-fermion superconductor UTe 2 is proposed to be a long-sought 3D chiral superconductor with evidence of the chiral spin-triplet paring state from a scanning tunneling microscopy (STM) study. 11 This raises a great deal of interest in the physics community to independently establish the existence of the normal fluid response, determining whether or not the response is intrinsic, and identifying the nature of the pairing state of UTe 2 .
To address these three questions, the microwave surface impedance of UTe 2 crystals was measured by the dielectric resonator technique (See Methods and Ref. 12 ). The obtained impedance was converted to the complex conductivity, where the real part is sensitive to the normal fluid response and the imaginary part is sensitive to the superfluid response.
By examining these results, here we confirm the existence of the significant normal fluid response of UTe 2 , verify that the response is intrinsic, and identify the gap structure consist with that of chiral spin-triplet pairing state. Figure 1 shows the surface impedance Z s = R s + iX s of sample S1 as a function of temperature. The surface resistance R s decreases monotonically below T c ≈ 1.6 K and reaches a surprisingly high residual value R s (0) ≈ 22 mΩ at 11 GHz. This value is larger by an order of magnitude than that of another heavy-fermion superconductor CeCoIn 5
(R s (0) ≈ 0.9 mΩ at 12.28 GHz). 13 Subsequently the sample was cut into two pieces, and their electric resistivity (Fig. 1) was measured. The temperature-dependent resistivity from each piece are identical, implying good homogeneity of the sample. The large R s (0) was reproduced in another sample S2 (Supplementary information B) .
With the surface impedance, the complex conductivityσ = σ 1 − iσ 2 of the sample can be calculated. In the local electrodynamics regime (Supplementary information C), one has Figure 2 (a) shows σ 1 and σ 2 of S1 as a function of temperature. Here, an anomalous feature is the monotonic increase of σ 1 (T ) as T decreases. Note that σ 1 is a property solely of the normal fluid. For superconductors with a topologically trivial (i.e., non-chiral) pairing state, most of the normal fluid turns into superfluid and is depleted as T → 0. As a result, in the low temperature regime, σ 1 shows a strong decrease as temperature decreases, and is expected to reach a theoretically predicted residual value σ 1 (0)/σ 1 (T c ) = 0 (for fully gapped s-wave 14 ) and 0.1 ∼ 0.3 (for line nodal d x 2 −y 2 -wave 15, 16 ).
As shown in Fig. 2(b) , this behavior is observed from the case of Ti 17 (s-wave) as well as CeCoIn 5 13 (d x 2 −y 2 -wave). In contrast, the UTe 2 crystal shows a monotonic increase in σ 1 as the temperature decreases and reaches a much larger σ 1 (0)/σ 1 (T c ) = 1.25, implying the normal fluid conduction channel is still active and provides a significant contribution even at the lowest temperature.
To further understand this anomalous behavior, a two-fluid model for the electrodynamics can be introduced. The two-fluid model describes the complex conductivity of the superconductor in terms of the superfluid and normal fluid contribution,
where n is total electron density, m * is the effective mass of the electrons, f n is normal fluid fraction, f s = 1 − f n is the superfluid fraction, and τ is the normal fluid scattering life time.
This model yields a quadratic equation for ωτ in terms of the σ 2 /σ 1 and f n (See Methods).
To have real solutions for τ , f n must satisfy the following condition,
For the case of conventional superconductors in the clean limit, σ 2 /σ 1 → ∞ as T → 0, 13, 14, 20 which yields f n ≥ 0, allowing the normal fluid to be fully depleted. However, for the case of UTe 2 , σ 2 (0)/σ 1 (0) = 1.87 remains finite which sets a minimum residual normal fluid fraction f n (0) ≈ 64 % (Fig. 3(a) ). This residual normal fluid fraction is reproduced with almost the same value on sample S2 (f n (0) ≈ 60 %), suggesting the consistent existence of the residual normal fluid.
Another property one can extract from the complex conductivity is the effective pentration depth. σ 2 (T ) determines the absolute value of the effective penetration depth at each temperature as σ 2 (T ) = 1/µ 0 ωλ 2 eff (T ). Once the absolute value of the penetration depth is known, the normalized superfluid density can be calculated as ρ s (T ) = λ 2 eff (0)/λ 2 eff (T ) (See Methods for λ eff (0)), and its low temperature behavior is determined by the low energy excitations of the superconductor, which is sensitive to the pairing state. 21 The spin-singlet pairing states are inconsistent with our penetration depth data (See supplementary information D). Also singlet states cannot explain the reported upper critical field H c2 which is larger than the paramagnetic limiting field. 22 Thus, only the spin-triplet pairing states are discussed below.
For a spin-triplet pairing state, ρ s (T ) follows different theoretical low temperature behaviors depending on two factors. One is whether the magnitude of the energy gap |∆(k, T )| follows that of a chiral state ∆ 0 (T )|k ×Î| (Fig. 4(a) ) or a polar state ∆ 0 (T )|k ·Î| (Fig.   4(b) ). The other is whether the vector potential directionÂ is parallel or perpendicular to the symmetry axis of the gapÎ. In conclusion, our findings imply that UTe 2 may be the first example of the 3D chiral triplet superconductor with a surface Majorana normal fluid. With topological excitations in a higher dimension, this material can be a new platform to pursue unconventional superconducting physics, and act as a setting for topological computation.
METHODS
Growth and preparation of UTe 2 single crystals. Single crystal samples of UTe 2
were grown by the chemical vapor transport method using iodine as the transport agent.
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The sample sizes are about ∼2×3×0.5 mm 3 with the shortest dimension being crystallographic c-axis of the orthorhombic structure. For the microwave surface impedance measurement, the top and bottom ab-plane facet are polished on a silicon carbide paper with 4000 grit. The mid-point T c of the samples from DC transport measurements ranges from 1.6 to 1.7 K.
Microwave surface impedance measurement. The microwave surface impedance of UTe 2 crystals was measured by the dielectric resonator technique. 12 The sample was mounted in a semi-cavity structure with top niobium and bottom copper plate. A rutile disk was placed on top of the sample surface and facilitates microwave transmission resonances. The TE 011 resonance mode occurs at ≈ 11 GHz in this structure. The microwave magnetic field of the mode is radial from the axis of the disk and the c-axis of the sample and induces an azimuthal circulating current on the ab-plane sample surface, and hence surveys the abplane electrodynamic response. The temperature of the sample was varied from 20 mK to 2.4 K. As the temperature of the sample was varied, the change in resonant frequency
, and the quality factor Q(T ) were measured. Note that the external contribution to the Q from the cables and the coupling was removed with an insitu calibration 28 and unloaded Q calculation. 29, 30 To avoid sample heating, weak microwave power P in = −30 dBm was used, where we found the P in dependence of f 0 (T ) and Q(T )
saturates below P in = −25 dBm. The HFSS (high-frequency structure simulator) simulated
Ohmic heating from the surface current for P in = −30 dBm at T → 0 is 0.19 nW.
The measured resonant properties can be converted into surface resistance R s (T ) and the change in surface reactance ∆X s (T ),
through a geometrical factor G that can be estimated from the geometry of the resonator and the field distribution of the mode, 12,31 and calibrated from the normal state resistivity of the sample (Supplementary information A) and Ref. 32 ). The absolute value of X s (T ) can be determined by equating R s (T ) and X s (T ) in the normal state (above T c ). This equality is expected when the scattering rate is much higher than the measurement frequency (1/τ ω)
so that the conductivity of the sample has only a real part to a good approximation. The self-consistency of this assumption can be examined with the obtained scattering life time τ near T c from the two-fluid model analysis.
As described in the next subsection of Methods, once the temperature dependence of the minimum normal fluid faction f n (T ) is determined from Eq. (2), one can estimate that of the scattering life time τ (T ) from Eq. (7). As seen in the inset of Fig. 3 , the scattering rate 1/τ exceeds 600 GHz as the temperature approaches to T c . Considering the measurement frequency of 11 GHz, this result is consistent with the assumption ωτ 1 used to equate R s and X s above T c .
Deriving quadratic equation for the normal fluid scattering life time from the two-fluid model. From Eq.
(1), the real and imaginary parts of the conductivity can be obtained as,
If one divides Eq. (6) by Eq. (5), it yields a quadratic equation for ωτ in terms of the conductivity ratio σ 2 /σ 1 and normal fluid fraction f n with solution,
Note that one can estimate the scattering life time τ (T ) with the obtained temperature dependence of the normal fluid faction f n (T ) from Eq. (7), and the result is presented in the inset of This value is similar to the Uranium based ferromagnetic superconductor series such as UCoGe (λ eff (0) ∼ 1200 nm) 33 and URhGe (λ eff (0) ∼ 900 nm), 34 where UTe 2 represents the paramagnetic end member of the series. This result is also consistent with recent muon-spin rotation measurements on UTe 2 which concluded λ eff (0) 1000 nm.
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Error bar of the fitting parameters of the normalized superfluid density. In the fitting of the normalized superfluid density, The error bar of the fitting parameter (i.e., ∆ 0 ) was determined by the deviation from the estimated value which increases the rootmean-square error of the fit by 1%. 
The converted resistivity ρ raw is compared to the value from the 4 contact DC transport technique ρ trans . Since G ∼ R s ∼ √ ρ, the ratio of the resistivity ρ raw /ρ trans provides a correction factor as follows,
where G corr is the calibrated geometry factor from which the calibrated surface impedance can be obtained. The calibration ratio G corr /G est was 1.435 for S1 and 1.049 for S2.
B. Microwave properties of sample S2
The microwave surface impedance and complex conductivity measured from the sample S2 are plotted below in Fig. S1 and S2.
C. Estimation for the mean free path and justification for local electrodynamics
When the measured surface impedance Z s is converted to the complex conductivity, the simple relation Z s = iµ 0 ω/σ is used, which is valid in the local electrodynamics regime As discussed in Methods section, the penetration depth of UTe 2 shows the low temperature behavior which can be fitted to ∆λ eff (T ) = aT c with c = 2. For the singlet pairing states, the possible cases which show the observed quadratic temperature dependence are a d x 2 −y 2 pairing state in the dirty limit 38 and d x 2 −y 2 state in the nonlocal electrodynamics regime. 39 In both of the cases, the low temperature behavior of the penetration depth shows a quadratic behavior below a crossover temperature T * and shows a linear behavior above T * . This crossover behavior can be expressed as below, 38,39
The possibility of the dirty d-wave scenario can be examined by checking the value of T * .
If one fits the penetration depth data of the sample S1 and S2 with the above expression, one obtains T * impurity ≥ 2.96T c for both samples. T * impurity can be converted to the impurity scattering rate Γ (k B T * impurity ) 2 /(0.83 2 ∆(0)). 21 If one assumes ∆(0) = 2.14k B T c , which is valid for a typical weak-BCS coupled d x 2 −y 2 state, one obtains Γ ≥ 5.96k B T c . This impurity scattering rate much larger than the critical temperature will make the entire superconductor into the normal state even at zero temperature. Therefore, the dirty limit d x 2 −y 2 pairing scenario is inconsistent to our data.
The possibility of the nonlocal electrodynamic regime can be also examined by the value of T * which can be estimated from a superconducting coherence length ξ(0), penetration depth λ eff (0), and the gap energy ∆(0) at zero temperature by T * nonlocal = ∆(0)ξ(0)/λ eff (0). This estimation gives T * nonlocal ≈ 0.01T c for both samples. This means that the penetration depth should follow the linear temperature dependence above 0.01T c , which contradicts our data that shows the quadratic behavior up to the full fitting range 0 ∼ 0.3T c . Since both of the singlet pairing states turns out to be inconsistent to our data, in the superfluid density analysis of the main text, only spin-triplet pairing states are considered. 
Therefore, for given values of X SC , by equating the calculated Z ef f to the measured impedance of the sample Z meas , the conductivity σ and the thickness t can be obtained, which in turn provides the sheet resistance R surf s = 1/σt of the surface normal conduction channel.
In this thin surface normal / thick bulk superconducting hybrid structure, most of the reactance originates from the back superconductor. Therefore, the thickness t and conductivity σ of the surface normal layer are calculated and plotted for the values of X SC near the measured reactance X meas . As can be seen from Fig. S3(a) , the surface normal layer thickness t decreases as the reactance of the back superconductor X SC increases. In contrast, the sheet resistance remains about constant regardless of X SC . Figure S3 
